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Economic valuation of benefits from the 





This study elicited the willingness to pay (WTP) for measures to control the release of 
intentionally added microplastics. Although microplastics accumulate in the marine 
environment and are practically unrecoverable, there is considerable scientific uncertainty 
about their environmental and health effects. This study used both a Choice Experiment (CE) 
and Contingent Valuation (CV) to evaluate where it was more beneficial to target restrictions 
at source or emissions. The CE investigated source-control in evaluating how respondents 
accept a trade-off between the price and performance of cosmetic products when 
reformulated to reduce the use of microplastics. Two CV tasks then estimated the benefits of 
research to resolve the uncertainty, and the benefits of upgrading Wastewater Treatment 
Plants (WWTP) to retain more microplastics. The difference in the annual CV WTP; £53.24 for 
research and £73.71 respectively, suggests that respondents are willing to pay a substantial 
premium for the precautionary abatement of microplastics. 
Keywords: Uncertainty, cost-benefit analysis, stated preference 




This paper estimates the non-market benefits of a proposed precautionary restriction on 
microplastics in the UK.  We adopt the definition proposed by the European Chemicals Agency 
(ECHA) of microplastics as solid, polymer-containing particles smaller than 5mm in size. 
Microplastics may be intentionally added to consumer products and are substances that may 
pose environmental and health risks (Lusher, Hollman and Mendoza-Hill, 2017; Lebreton, 
Egger and Slat, 2019; Thompson et al., 2009). ECHA has proposed a restriction on their use 
based on their ‘extreme’ persistence in the environment which proxies for level of risk. The 
proposed restriction incorporate those sectors that primarily use microplastics such as 
medicine (single-use and in-vitro products), controlled-release fertilisers (agriculture), 
detergents, paints, and cosmetics. However, as the cost-effectiveness of the restriction varies 
with the use, frequency, and type of microplastics used, this research estimates both the 
benefits of capturing microplastics from all sources at Waste Water Treatment Plants (WWTP), 
as well as the benefits accruing from the part of the microplastic restriction related to the 
cosmetic survey. In both cases, the benefits relate to precautionary avoidance of potential 
environmental and health impacts from intentionally added microplastics, given the lack of 
certainty over the environmental and health impacts of microplastic. 
The potential risks arising from the possibility for microplastics to accumulate in the 
environment stem from the breakdown of larger plastics in-situ, or their frequent release to 
the environment either to sewage sludge or to the aquatic environment (Mouat, Lozano and 
Bateson., 2010; Oosterhuis, Papyrakis and Boteler., 2014; Duis and Coors., 2016; Shen et al., 
2020). From sewage, urban run-off or down-the-drain disposal, microplastics may also be 
found in wastewater (Law and Thompson, 2014). Although WWTP can remove up to 90% of 
micropollutants from the effluent, compared to the influent, this has limited impact on the 
environmental concentration of microplastics (Duis and Coors., 2016). Specifically, 
microplastics remaining in the effluent will filter into the marine environment; an irreversible 
release. Moreover, the proportion of microplastics that are retained in sewage sludge may still 
find their way to the terrestrial environment since filtered sewage sludge is often recycled in 
the UK (ECHA, 2019). Once in the environment, Lebreton, Egger and Slat (2019), building on 
Lebreton et al. (2018) and Jambeck et al. (2005), discuss the distribution of marine plastics, 
both macro and micro-sized, and report that a significant proportion would persist around 
coastal areas, for example, through stranding, settling, sinking below the surface, or 
transportation into the open ocean where they may accumulate, where the challenge of deep-
sea exploration limits scientific knowledge about their effects (Hammer, Kraak and Parsons, 
2012; Derraik, 2002; Abate et al., 2020). Microplastics that accumulate in the marine 
environment may then be ingested by marine life and, as indicated by Kosuth, Mason and 
Wattenberg (2018), possibly by humans via seafood or water. Although a range of physical and 
chemical health effects have been hypothesised or observed in some marine life, there is 
currently no evidence to suggest that levels of human ingestion of marine microplastics have 
deleterious consequences (Lusher, Hollman and Mendoza-Hill, 2017). However, with the 
growth in plastic production and accumulation of microplastics, the absence of any health 
effect on humans may not persist (Lebreton et al., 2018). The current low level of impacts and 
the possibility of higher environmental and health risks from marine microplastics may not 
 
4 
preclude restrictions on the use of microplastics under the precautionary principle. This 
principle states that the lack of full scientific certainty, such as the scientific uncertainty about 
the existence and magnitude of possible environmental and health impacts of microplastic 
ingestion, shall not be a barrier to regulation (Kuntz-Duriseti, 2004; Gollier and Treich, 2003). 
This study provides monetary valuations of the benefits of a future possible restriction on 
intentionally added microplastics in the UK. A novel feature of this paper is that we estimate 
the nonmarket benefits to both public and private approaches to reducing the release of 
microplastics. Furthermore, we contribute to the debate on whether abatement should target 
source-control or effluent filtering. In the following sections, we first provide a brief overview 
of the general approach to economic valuation in the context of the precautionary principle. 
We then review the small but emerging literature on the valuation of micropollutants. We 
then detail the valuation methods used in the present study with a focus on the survey design, 
responses, and results. The final section reports the elicited valuations and discusses the 




3) Literature Review 
The benefits of restrictions to improve the quality of the marine environment can be valued 
at what individuals are Willing-To-Pay (WTP) for potential improvement. However, there are 
several challenges in the literature regarding the validity of aggregating WTP for use in Cost-
Benefit Analysis (CBA) in the presence of uncertainty and irreversibility (Kuntz-Duriseti, 2004). 
Specifically, Ha-Duong (1998) suggested that regulators could choose either immediate 
restrictions to avoid the irreversible loss of pollutants or delay action to resolve the 
uncertainty. Uncertainty and irreversibility are both evident properties of the microplastic 
problem as there is a significant degree of scientific uncertainty about the environmental and 
health impacts of marine microplastics. Furthermore, the release of microplastics is 
irreversible, given that they are practically unrecoverable once lost to the environment.  This 
paper builds upon previous studies that have sought to elicit WTP to avoid health and 
environment risks from chemical contaminants (e.g. ECHA, 2016; Adamowicz et al., 2011).  
However, as the micropollutants and marine pollution fields are relatively new, there is a 
paucity of SP literature specifically valuing micropollutants. The most relevant valuations in 
the literature come from Abate et al. (2020) and Logar et al. (2014) as they used similar 
methods in related scenarios, while Choi and Lee (2018), and Kim et al. (2019) also discussed 
WTP to reduce marine pollution. This section reviews previous use of SP methods to value 
microplastic reductions. Logar et al. (2014) undertook a choice experiment (CE) to assess 
individual WTP for improvements in WWTP to filter micropollutants. The resulting WTP was 
$73 per household per year to reduce the potential environmental risk of micropollutants to 
a negligible level via changes to WWTP. Micropollutants, though more toxic, share many of 
the same sources and transport mechanisms as microplastics. Logar et al. (2014) also 
acknowledged the role of scientific uncertainty in the field of micropollutants, although they 
chose not to focus on microplastics specifically.  
 
A study carried out for the Environment Agency (EA, 2015) used a CE to elicit WTP to avoid 
potential human health risks from the pollutants Octamethylcyclotetrasiloxane, (D4), and 
Decamethylcyclopentasiloxane (D5) (EA, 2015). Whilst D4/5 are unrelated to microplastics, 
there are parallels to this paper. Specifically, D4/5 have uses in personal care products and 
household care products such as cleaning detergents, similar to microplastics. Furthermore, 
ECHA (2019) noted that. 
 “Environmental (and other) benefits arise from the reduction in potential risks associated with 
the accumulation of D4/D5 in the aquatic environment.”  
  
Unlike microplastics, EA (2015) noted that while D4 satisfies the definitions for a Persistent 
Bioaccumulative and Toxic (PBT) substance and D5 satisfies the definition of a Very Persistent 
and Very Bioaccumulative (vPvB) substance, both are characterised by their irreversible 
accumulation in water (EA, 2015). Microplastics are themselves inert, and many studies have 
investigated their potential to act as a vector for toxic contaminants, with variable results 
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(Koelmans et al., 2016; Burns and Boxall., 2018). The EA (2015) decision to use a CE to elicit 
WTP reflects a choice to model the substitution between the three attributes; product quality 
and how it changes with and without D4/5, product prices, and the reduction in accumulation 
and potential risks from contaminants. The choice of three attributes is consistent with the 
modern CE literature summarised in Lancsar and Louviere (2008), Hoyos (2010), Ryan, Gerard, 
and Amaya-Amaya (2007).  
 
CV methods have also been used to estimate the value of reductions in microplastics. For 
instance, Abate et al. (2020) evaluated a proposal in Norway to reduce marine plastics in Arctic 
ice. Their representative Norwegian sample of 552 (response rate: 25%) reported that the 
average annual household WTP to reduce all Arctic marine plastic was $642 (approximately 
£517). Their CV question was as follows. 
“Considering the anticipated results of the initiative outlined before, would you vote for this 
initiative if the initiative would cost your household an annual tax of NOK XXX for the next ten 
years?” 
Abate et al. (2020) initially planned to use a CE, but pre-testing revealed that it was challenging 
to accurately design a scenario given the scientific uncertainty. When designed, respondents 
found it too complex and did not consider all the attributes. Therefore, they opted for the CV 
format to elicit the total value of benefits.  
 
A final paper that uses CV is Choi and Lee (2018) who reported an average annual WTP of $2.59 
per person with total annual household WTP for the Seoul population of $9.8 million. Their 
results suggest that respondents were willing to pay to reduce water-borne endocrine-
disrupting substances. Their scenario was product labelling financed through an annual tax, in 
contrast to our scenario of a restriction on microplastics financed through product prices or 
water bills.  
a) Methodology 
 Option A Option B 
Table 1: CE Example: 
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Choice Experiments (CE) ask respondents to select their preferred alternative, which is 
described by a series of attributes that vary by the levels they take (Hoyos, 2010). Attributes, 
such as price and quantity, are used based on Lancaster’s (1966) characteristic theory of value 
which posits that goods are considered as a combination of their characteristics or attributes. 
The attributes take different levels depending on the scenario; examples being the status-quo 
or the proposed level of abatement. Respondents assumed to be utility-maximising, then 
select an alternative with levels of attributes that maximises their utility. Where a price 
attribute is included, respondents’ marginal rate of substitution between attributes may be 
interpreted as attribute specific WTP for marginal changes in attribute levels (OECD, 2006; 
Bateman et al., 2002). 
 
An example of the specific CE design used in this research is reproduced in Table 1. The two 
alternatives correspond to an opt-out status quo (Option A) without changes, and a scenario 
similar to the ECHA restriction (Option B). The status quo option is required for consistency 
with theory while we choose only one alternative scenario for simplicity (Bateman et al., 2002). 
The two alternatives differ only in the levels of the three attributes; two (percentage reduction 
in performance and percentage reduction in release) with three levels and one attribute 
(product price) with four levels. The number of attributes was chosen following pre-testing, 
and each was described in depth to respondents before answering. The effectiveness attribute 
later referred to as “performance “, had three levels; (5, 10 and 50%) and was expected a priori 
to have a negative sign. The reduction in release attribute referred to as “emission “, also took 
three levels, (10, 40, 90%) and was expected to have a positive sign as respondents were 
expected to value improved environmental quality. This attribute is similar to the “potential 
environmental risk” attributes used in Logar et al. (2014). Finally, the price attribute took four 
levels (£1, 5, 10, 20) with an expected negative sign. The CE used an orthogonal main-effects 
d-efficient design. There were 16 different choice sets, and each respondent completed one 
randomly assigned block of four choices. Blocking of the sets is used to minimise task 
complexity. Before answering any of the four tasks, respondents were given a dominated 
scenario test where one alternative was unambiguously superior to the other. Respondents 
failing this test of attention and understanding were excluded from the sample. Overall, a CE 
is used to evaluate how consumers would tradeoff attributes of personal care products in 
response to an ECHA restriction on the use of microplastics in cosmetics. 
i) CVM format 
CV is a commonly used SP method where respondents state their individual WTP valuations 
for nonmarket valuation problems. The design of the specific payment question is an area of 
substantial debate. The most common CVM question format is Dichotomous Choice (DC) 
Reduction in the effectiveness of the personal care product. 0% 5% 
Percentage reduction in the release of microplastics from cosmetics. 0% 10% 
Increase in product price. £0 £1 
I prefer:   
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which is akin to the referenda format that the seminal N.O.A.A panel recommended. DC 
methods ask respondent to vote yes or no to a proposed scenario with entailed cost. Choi and 
Lee (2018) used the single-bound DC (SBDC) format to report an average annual WTP of $2.59 
per person for product labelling on products that contain microplastics. The SBDC format is 
generally preferred in the literature given its superior incentive-compatibility. However, the 
double-bound DC (DBDC) format, which asks a follow-up question after the SBDC, reports 
more information about respondent’s preferences at the expense of possible anchoring 
effects. In practice, the first stage of the DBDC question appears to respondents as a SBDC 
format, which is incentive-compatible, as it is presented individually with no indication of 
follow-up bids. When respondents are presented the second stage, they then have no option 
to update their previous valuation. Therefore, the DBDC format may have similar incentive-
compatibility while eliciting more precise WTP. This research adopts first SBDC and then DBDC 
CVM formats to elicit WTP for two different scenarios. 
 
The first CVM question used in this research used the SBDC format to elicit WTP to undertake 
research into the potential environmental and health effects of microplastics. This scenario 
represented the value of resolving uncertainty whilst irreversible releases of microplastics 
continue. The text of this question is given below and stresses the trade-off of research 
improving future knowledge but having no immediate effect. 
 
Q6 “One possible policy option would be to fund research into the long-term 
environmental and health effects of microplastics in the environment. 
The research would definitely resolve the scientific uncertainty about any possible effects, 
though it would have no effect on the amount of microplastics currently entering the 
environment from wastewater sewerage. 
An increase in your water bills would cover only the cost of this research. Any follow up action, 
depending on the research findings, would be funded separately. Would your household be 
willing to pay £X per year in extra water bills specifically for such research?” 
The question is therefore a single-bounded question with bid levels randomly varying: {5, 10, 
20, 40, 60, 80, 90, 100}. 364/670 respondents answered this question first. The payment 
vehicle of water bills was used after pre-testing to improve how realistic the scenario was.  
The second CVM question (here Q7) elicited WTP for a reduction in the release of intentionally 
added microplastics given upgrades to Wastewater Treatment Plants (WWTP); although no 
research would be undertaken. We argue that the difference in WTP between the two CVM 
scenarios indicates whether respondents’ value restrictions that are precautionary in nature. 
The sample was split in two with approximately half answering this question first and the other 
half answering the second question. As half of the sample were asked this SBDC question first, 
respondents could not anchor their valuations on previous tasks. The ordering of the two 




Q7 1 “Suppose that the UK was going to introduce a policy that would stop microplastics from 
wastewater sewerage entering the environment now, before waiting for the results of 
the research discussed in the previous question. 
This policy would pay to upgrade wastewater treatment plants filtering systems so that they 
would capture all the microplastics in sewerage wastewater heading to the environment. 
An increase in your water bills would be used to pay for the cost of this investment. Would your 
household be willing to pay £X per year in extra water bills to implement this policy?” 
The question used a double-bound question with bid levels randomly varying from: 
Q7: {5, 10, 20, 40, 60, 80, 90, 100}  
Q7B (upper bound): {10, 20, 40, 80, 120, 160, 180, 200}  
Q7C (lower bound): {2.50, 5, 10, 20, 30, 40, 45, 50}.  
 
b) Survey design 
The survey instrument was designed in conjunction following the Johnston et al. (2017) 
guidance for SP surveys and a rigorous pre-testing process that included expert consultation 
and a pilot study. The survey instrument consisted of five sections comprising socioeconomic 
questions, the CV questions, the CE, questions assessing environmental attitudes and finally a 
small section of debriefing questions. The survey design is somewhat novel in the literature in 
using both CV and CE sections to evaluate a public and private good approach to microplastic 
restrictions.  
 
c) Data Collection 
In April 2020,  DJS Research LTD collected 670 responses to the survey, reflecting a response 
rate of 65%. Table 2 shows that this compares favourably to comparable literature both in 
size and response rate. There were 25 separate questions which took an average respondent 
7.5 minutes to complete. DJS were asked to randomly vary both the CV bid levels and the CE 
block that respondents were assigned to. The sample of 670 was truncated to 304 using six 
different rules. The first three dealt with survey participation. Firstly, `speeders’ who 
completed the survey faster than 50% of the median, were excluded (Scasny and Zvěřinová., 
2014). Survey understanding below 7/10, and protestors (identified and categorised using 
text responses) were also excluded (Rakotonarivo, Schaafsma and Hockley, 2016). The final 
three truncation rules had theoretical support. Firstly, those failing the dominated scenario 
were excluded for irrational preferences or misunderstanding the task (Foster and Mourato, 
2002). As a necessary condition for incentive-compatible responses, respondents had to 
 
1 The wording here is taken from the Q6 then Q7 ordering, and so mentions previous valuation scenarios. The 
text is suitably amended in the reversed order. Furthermore, the text is amended in the second question to justify 
asking a second valuation question. Finally, note that both scenarios are UK-specific and so cannot easily be 
aggregated to the larger and more diverse EU measure. 
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report the survey to be policy consequential (did not assess payment consequentiality) 
(Vossler and Watson., 2013). Finally, those reporting uncertainty about their choices were 
removed. Including all six rules reduced the sample size to 304/670.  The characteristics of the 
sample are reported in Table 3 and suggest that the sample was broadly representative of the UK 
adult population. Sample income is marginally lower than the population, possibly owing to gender 
differences or having more students in the sample. 
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Table 2: Sample sizes and response rates for four similar SP studies of water quality or micropollutants. 
Study Sample Size Response Rate 
This study (April 2020) 670 68% 
Abate et al. (2020) 552 25% 
Jørgensen et al. (2013) 754 37% 
Logar et al. (2014) 1000 25% 
Adamowicz et al. (2011) 1292 46% 
 
 
Table 3: Full sample characteristics 
Category Sample Population 
Gender Male: 46% Female: 53% Male: 49% Female: 51% 
Age Mean: 42 years old Mean: 38 years old 





Data from the Charities Aid Foundation (2019) suggests 
that more than 60% of people are involved with charities. 
However, environmental charities 
make up fewer than 4% of total charitable donations. 
Education 
A level or equivalent: 50.75% 
Graduate or more: 49.25% 
A level or equivalent: 40.4% 
Graduate or more: 42% 
Employment 
Prefer not to say = 2.68% 
NEET = 11.34% 
Retired = 7.76% 
Student = 4.47% 
Part-time = 14.95% 
Self-employed = 6.85% 






Income Mean: £2,138 Mean: £2,340. 
Due to more students and a younger sample. 
Sources: The data sources are the Natural England (2016) Report that monitored engagement with the 
Natural Environment and as such is an appropriate source to validate the figures. Data for employment and 
income data come from the Office for National Statistics. 
 
12 
2) Choice Experiment Results 
The CE results were estimated2 using first Multinomial Logit (MNL) and then Mixed Logit 
(MXL) models. Equation 1 is the indirect utility function for respondent I who gains utility from 
each attribute. The subscript o is for option A or B. Note that the socioeconomic variables 
reported in Table 5 are interacted with the alternative-specific constant. All three attributes 
are assumed to be the negative lognormally distributed random parameters using 1000 
Halton draws. The model is estimated in WTP-space which implies that the MRS between 
attributes is directly interpretable as WTP (Train and Weeks, 2005). 
 
𝑉𝑖𝑜 = 𝐴𝑆𝐶𝑜 + 𝛽𝑃𝑟𝑖𝑐𝑒 ∗ (𝑃𝑟𝑖𝑐𝑒𝑜 + 𝛽𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 ∗ 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒𝑜 + 𝛽𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 ∗ 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑜)   1 
 
𝛽𝑃𝑟𝑖𝑐𝑒𝑖 = −𝑒𝑥𝑝(𝜇𝑙𝑜𝑔(𝛽𝑃𝑟𝑖𝑐𝑒) + 𝜎𝑙𝑜𝑔(𝛽𝑃𝑟𝑖𝑐𝑒) ∗ 𝜉𝑃𝑟𝑖𝑐𝑒,𝑖)        2 
 
The results of different specifications are displayed in Table 4. The table reports MWTP and 
goodness-of-fit statistics to justify the model choice. The best model, given minimised log-
likelihood and AIC, is the MXL in WTP-space on truncated sample with all covariates and with 
the three attributes all randomly distributed negative lognormally; this is reported in Table 5. 
The columns reporting marginal WTP for a one-percentage reduction in the release of 
microplastics (here called ‘Emission’) ranged from £0.028 to £0.038. The MWTP for the one-
percentage reduction in effectiveness (called ‘Performance’) ranged from (-£0.036 to -
£0.060). The final accepted CE MWTP is £0.035 for a one percent reduction in microplastics 
lost from a personal care product and a Marginal Willingness to Accept (MWTA) of £0.036 for 
a one percent loss of performance.
 
2 Estimated using the MLOGIT and APOLLO packages for R. Replication code available on request. 
Specifications Emission MWTP Performance MWTP Sample Size AIC R2 LogLikelihood 
Conditional Logit 0.038 -0.043 670 3539.16 0.035 -1765.60 
MNL: Full sample 0.035 -0.044 670 3428.99 NA -1694.493 
MNL: Truncated 0.032 -0.060 304 1462.88 NA -712.4113 
MXL: Attributes only 0.028 -0.046 670 2974.91 0.203 -1480.455 
MXL: Full sample 0.037 -0.043 670 2961.54 0.214 -1458.768 
MXL: Truncated 0.035 -0.036 304 1290.48 0.183 -623.2379 




The model reported in Table 5 reports statistically significant coefficients for each attribute of 
the CE. This indicates that respondents were sensitive to changes in their levels. There were 
two justifications for distributing each attribute negative log-normally. Firstly, the lognormal 
distribution has been used repeatedly in the applied CE literature (Stackelberg and Hammitt, 
2009; Ghosh, Maitra and Das,2013; Train and Weeks, 2005; Zambrano-Monserrate and Ruano, 
2020)  and is appropriate where the normal distribution is not behaviourally plausible; 
especially for the price parameter. A second justification is that while MWTP and goodness-of-
fit were best when distributing all parameters negative lognormally. The mean parameters of 
the three attributes represent MWTP for a one percent change in the attributes. The MWTP is 
robust to using the full sample as is the significance and signs of the covariates. The MWTP for 
each attribute, for both samples and with confidence intervals is reported in Table 5. 
Respondents are willing to pay a similar amount for marginal reductions in the release of 
microplastics from personal care products. This suggests that respondents would tradeoff 
product attributes and be willing to pay a premium for microplastic-free products if a 
restriction were enforced. However, given that MWTP was estimated in per-product terms it 
is not possible to assert whether such source-controls would then be economically viable. 
 
 The standard deviations of the attributes were highly statistically significant which indicates 
preference heterogeneity around the mean coefficient of the attribute at the respondent-
level. The statistically significant standard deviations motivate the use of mixed logit instead 
of conditional or multinomial logit which impose the assumptions of preference homogeneity. 
The model also reports an Alternative Specific Coefficient (ASC) defined against Option B 
following the utility-difference approach. However, it was statistically insignificant, which 
indicates no strong bias towards either option (Train, 2009). A further area to discuss the MXL 
is the covariates. With regard to question order, the dummy has an insignificant effect which 
may indicate that providing respondents with the precautionary option of Q7 immediately 
before the CE did not influence their choices. The insignificant variable on the choice task 
respondents were allocated to supports the blocking of the 16 possible choice tasks into four 
blocks. Beliefs in the policy consequentiality of the scenario also had statistically significant 
positive effects on choices which motivates its use as a truncation rule. As expected, income 
was weakly statistically significant. Finally, belief in experts also exerted a statistically 
significant effect on respondent choices. Belief in experts may be linked to respondents’ 
perceptions of the expert-recommended information provided before the CE. The 
insignificance of many socioeconomic characteristics including age, gender, trips, education is 
unusual in the literature. To summarise, this MXL, reports improved goodness-of-fit, and 
produces plausible MWTP and, therefore, is the preferred specification for modelling 




Table 5: MXL model in WTP-space, truncated sample and all covariates. 
Variable Estimate Bootstrap.std.err. Bootstrap.t.ratio(0) Bootstrap.p-val(0) 
ASC -0.370 2.465 -0.150 0.427 
𝜇{𝑃𝑟𝑖𝑐𝑒} -0.228*** 0.237 -0.964 0.000 
𝜎{𝑃𝑟𝑖𝑐𝑒} 1.544*** 0.444 3.480 0.000 
𝜇{𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒} -0.036*** 0.235 -15.534 0.000 
𝜎{𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒} -1.406*** 0.092 -15.329 0.000 
𝜇{𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛} 0.035*** 0.087 -41.133 0.000 
𝜎{𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛} 2.519*** 0.095 26.388 0.000 
𝛽{𝑄1𝐺𝑒𝑛𝑑𝑒𝑟} -0.219 0.413 -0.531 0.265 
𝛽{𝑄2𝐴𝑔𝑒} 0.014 0.021 0.690 0.185 
𝛽𝑄3𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 -0.006 0.013 -0.453 0.300 
𝛽𝑄4𝑇𝑟𝑖𝑝𝑠 -0.082 0.312 -0.262 0.358 
𝛽𝑄12𝐶𝐸𝐶𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 -0.360 0.408 -0.882 0.160 
𝛽𝑄16𝐵𝑙𝑢𝑒𝑃𝑙𝑎𝑛𝑒𝑡 -0.246 0.361 -0.681 0.188 
𝛽𝑄18𝐶ℎ𝑎𝑟𝑖𝑡𝑦 -0.125 0.517 -0.242 0.366 
𝛽𝑄20𝐶𝑜𝑛𝑠𝑒𝑞𝑢𝑒𝑛𝑡𝑖𝑎𝑙𝑖𝑡𝑦 0.798** 0.422 1.889 0.017 
𝛽𝑄21𝐸𝑥𝑝𝑒𝑟𝑡𝑠 0.516** 0.302 1.706 0.014 
𝛽𝑄22𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 0.142 0.319 0.445 0.247 
𝛽𝑄23𝐸𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡 0.174** 0.123 1.414 0.045 
𝛽𝑄24𝐼𝑛𝑐𝑜𝑚𝑒 -0.000* 0.000 -0.981 0.096 
𝛽𝑄25𝑈𝑛𝑑𝑒𝑟𝑠𝑡𝑎𝑛𝑑𝑖𝑛𝑔 -0.229 0.222 -1.032 0.107 
𝛽𝑂𝑟𝑑𝑒𝑟 0.084 0.447 0.189 0.405 
𝛽𝑇𝑎𝑠𝑘 0.035 0.103 0.345 0.353 
Estimation Statistics 
Adjusted R2: 0.1834 
Likelihood ratio test: chisq = 579.29 (p = 0.000) 
AIC 1290.48 
Log-likelihood -623.2379 
Attribute Lower bound Truncated sample Upper bound Full sample 
Emission £0.034 £0.036 £0.039 £0.038 




3) Contingent Valuation 
A range of models is used to elicit WTP from the two CV tasks with specification, WTP and 
goodness-of-fit criteria reported in Table 6. The median unit values are £53.25 for question six 
(research, no reduction in pollution) and £73.71 for question seven (reduction in pollution, no 
research). Median values are preferred over mean to reduce the effect of outliers and where 
values may be lognormally distributed (Zambrano-Monserrate and Ruano, 2020). Table 6 
reports that WTP is sensitive to question format and econometric model. For instance, a 
consistent ordering effect is evident such that WTP values are higher if Q6 is before Q7. 
Furthermore, the substantial difference between the WTP where respondents believed the 
survey to be (or not to be) consequential for policy supports the use of consequentiality as a 
rule for truncating the sample. The fact that “inconsequential” values are found to be lower 
than the “consequential” values is consistent with empirical results suggesting that those who 
believe their participation to be inconsequential would report deflated valuations (Vossler and 
Watson, 2013., Czajkowski et al., 2017). It may be that respondents who did not believe their 
survey participation to be consequential voted against any payment and thus the values are 
lower. Generally, models including covariates fit the data better while bid-only models are 
appropriate for estimating sample median WTP. Finally, the effect of including the follow-up 
questions in the analysis is to reduce sample WTP. 
 
The econometric model for the CV data is given below. Firstly, respondent’s utility u is a 
function of the deterministic component with income y and socioeconomic characteristics X, a 
stochastic component 𝜀 which represents unobserved factors. The probability of a respondent 
i answering ̀ Yes' that they are able and willing to pay a stated bid level b for the policy proposal 
depends on the comparison between the utility of the policy and cost (𝑈𝑖1) and status quo 
utility (𝑈𝑖0) in Equation 3. In Equation 4, Φ is the standard normal with 𝜎 the standard 
deviation of the error term 𝜀 which leaves 𝛽, 𝛾 to be estimated (Abate et al., 2020; Manga, Oru 
and Ngwabie, 2019; Alberini and Scasny, 2014). We estimate a bid-only model to elicit WTP 
and then a full-covariates model to better model the determinants of WTP. 
 
CV Choice Probability:  𝑃(𝑌𝑒𝑠𝑖 , 𝑏𝑖) = 𝑃[𝑈𝑖1(𝑦𝑖 − 𝑏𝑖 , 𝑋𝑖 , 𝜀𝑖1)𝑈𝑖0(𝑦𝑖 , 𝑋𝑖 , 𝜀𝑖0) >]  3 






𝑏𝑖)   4 
Bid-only model to elicit sample WTP:  𝑄6𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒𝑖 = α𝑖 + 𝑄6𝐵𝑖𝑑𝑖 + ε𝑖   5 
Q6 SBDC Model with all covariates:  𝑄6𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒𝑖 = 𝑄6𝐵𝑖𝑑𝑖 + 𝑋𝑖 + 𝜀𝑖  6 
Probit WTP:     𝑚𝑒𝑎𝑛𝑊𝑇𝑃 = −
α𝑖
γ





Table 6: CVM WTP from each sample, order and measure. Adopted models in italics. 
Specifications WTP N AIC R2 Log-likelihood 
Q6 
Bid-Only (Full-sample) £53.25 670 7103 0.04 -3549.52 
Bid-Only (Truncated-sample) £53.25 304 2968 0.06 -1482.45 
Covariates (Full sample) £53.23 670 6156.99 0.18 -3061.49 
Covariates (Truncated sample) £50.54 304 2325 0.272 -1150 
Consequential £61.83 560 5128.65 0.176 -2548.32 
Inconsequential £21.32 110 911.572 0.243 -439.78 
Order1 £51.76 364 2651.87 0.227 -1309.94 
Order2 £51.58 306 3289.31 0.192 -1628.65 
Q7: single-bound only 
Bid-Only (Full-sample) £88.43 670 6637.86 0.05 -3316.90 
Bid-Only (Truncated-sample) £86.13 304 2623 0.09 -1309.87 
Covariates (Full sample) £91.39 670 6003.08 0.14 -2984.54 
Covariates (Truncated sample) £89.79 304 2361 0.171 -1163.77 
Consequential £96.02 560 4808 0.150 -2392.14 
Inconsequential  £45.99 110 1131.42 0.0922 -553.71 
Order1 £94.00 364 2681.47 0.151 -1327.74 
Order2 £87.09 306 3189.48 0.176 -1581.74 
Q7: double-bound 
Bid-Only (Full-sample) £85.21 670 14922.55 0.001 -7549.28 
Bid-Only (Truncated-sample) £73.71 304 5723 0.001 -2859 
Covariates (Full sample) £73.71 670 14009.67 0.173 -6987.83 





a) Question 6 CVM 
The distribution of the WTP for the first CVM task can be analysed using the Kaplan-Meier-
Turnbull (KMT) survival function. Carson and Steinberg (1990) developed KMT as a 
nonparametric extension to the Kaplan-Meier survival function. KMT is appropriate for data 
whereby responses lie within bid intervals (Lim, Jin and Yoo, 2017). Figure 1 shows that a bid 
of zero pounds was accepted with 100% probability while the highest bid level of £100 has an 
approximately 41% probability of being accepted. The interpretation here is that the 
probability of a respondent accepting a proposed bid level falls with the increase in the bid 
value as expected in theory. 
Figure 1:  The survival function estimator for the probability of accepting the Q6 bid levels. 
The first CVM scenario used the SBDC format and can, therefore, be analysed using Probit. 
Table 8 reports the univariate probit with covariates for the question six model. Most 
covariates had a statistically significant impact on WTP. As expected, the bid level is highly 
significant as are order and timing which supports the evidence of an ordering effect and 
supports the exclusion of speeders. The small effect size of the income coefficient may be due 
to the survey asking for gross monthly income which is a far larger value than the binary 0,1 
decision in the models. However, income was still statistically significant as expected. There 
are two other notable results from the covariates. Firstly, a distance-decay effect cannot 
entirely be ruled out in this research. This is because while distance from the coast was not 
statistically significant, the number of trips to the coast was highly significant. Secondly, both 
charity involvement (defined as donations or membership), and viewership of the Blue-Planet 
II programme were highly statistically significant determinants of respondent’s behaviour. 
Their positive and relatively large marginal effects indicate that involvement in pro-
environmental media and activities influences WTP. The question six model indicates that 
respondents were willing to pay £53.25 per-household per-year in extra water bills for research 
to resolve the scientific uncertainty about microplastics. The median value is used to reduce 




Table 8: This table reports bootstrapped Q6 CVM WTP using probit (N = 304).  
  
Variable Estimate Marginal Effect Std. Error Pr(>|z|) 
(Intercept) -2.487  0.207 0.000*** 
Order -0.053 -0.017 0.062 0.400 
Q1Gender -0.108 -0.024 0.063 0.089* 
Q2Age -0.001 0.000 0.003 0.561 
Q3Distance 0.0001 0.000 0.002 0.802 
Q4Trips 0.066 0.015 0.033 0.041** 
Q16BP 0.458 0.112 0.049 0.000*** 
Q18Charity 0.560 0.135 0.057 0.000*** 
Q21Experts 0.604 0.144 0.037 0.000*** 
Q22Education -0.036 -0.010 0.031 0.247 
Q23Employment 0.193 0.047 0.018 0.000*** 
Q24AIncome 0.0001 0.000 0.000 0.042** 
Timing -0.000 0.000 0.000 0.001*** 
BID -0.018 -0.004 0.001 0.000*** 
Goodness-of-fit: 
Log-likelihood: -3075.887 
Pseudo R2: 0.1718 
LR test p value: 0.000 
AIC: 6179.77 
WTP: 
Measure Lower Mean Upper 
Mean £66.74 £70.50 £75.04 
truncated Mean £50.05 £51.40 £52.83 
adjusted truncated 
Mean 
£69.42 £73.11 £76.99 




b) Question 7 CVM 
Q7 asked respondents what they would be willing to pay to resolve the irreversible release of 
microplastics by upgrading WWTPs for improved microplastic capture; a scenario similar to 
Logar et al. (2014). Figure 2 reports two KMT survival functions; one for the SBDC part of the 
question, the second with the follow-up included in the DBDC format. The follow-up bids are 
used to gain more information about the distribution of WTP. 
Figure 2:  The survival function estimator for the probability of accepting the Q7 bids: SBDC 





Table 10: Bootstrapped Q7 CVM WTP using bivariate probit (N = 304).  
Variable Estimate Marginal Effect Std. Error Pr(>|z|) 
(Intercept) -1.466  0.174 0.000*** 
Order 0.104 0.047 0.055 0.057* 
Q1Gender -0.106 -0.029 0.055 0.055* 
Q2Age -0.007 -0.003 0.002 0.001** 
Q3Distance 0.005 0.002 0.002 0.001*** 
Q4Trips 0.060 0.022 0.028 0.030** 
Q16BP 0.192 0.068 0.043 0.000*** 
Q18Charity 0.303 0.012 0.050 0.000*** 
Q21Experts 0.248 0.098 0.031 0.000*** 
Q22Education 0.021 0.016 0.027 0.428 
Q23Employment 0.093 0.032 0.016 0.000*** 
Q24AIncome 0.000 -0.000 0.000 0.000*** 
Timing 0.001 0.001 0.000 0.000*** 
BID -0.021 -0.001 0.000 0.000*** 
Goodness-of-fit: 
Log-likelihood: -7193.28 
Pseudo R2: 0.1733 
LR test p value: 0.000 
AIC: 14414.51 
WTP 
Measure Lower Mean Upper 
Mean £80.43 £83.01 £85.63 
truncated Mean £77.53 £79.71 £81.99 
adjusted 
truncated Mean 
£82.49 £85.41 £88.42 
Median £70.94 £73.71 £76.55 
 
Table 10 presents the analysis of the WTP values derived from Question 7 in the survey. 
Similar to the previous CVM models, the coefficients on ordering, timing and bid levels were 
highly significant, as expected. This model reports slightly improved R2 but much poorer log-
likelihood and AIC, possibly due to the DBDC format using more information. Furthermore, 
income was statistically significant as expected but reported a very weak marginal effect; 
possibly due to including the gross monthly average income rather than a dummy on 
whether a respondent was above or below median income. Moreover, environmental 
indicators such as viewership of the Blue-Planet or involvement in environmental charities 
were also highly statistically significant determinants of respondents CVM preferences. 
Finally, when comparing the two CV tasks, respondents report higher WTP for precautionary 







c) Precautionary WTP. 
The difference in respondent WTP between the two (Q7 minus Q6 WTP) may be interpreted 
as a premium for any precautionary action to reduce the release of microplastics. The 
concept of a precautionary premium was first discussed in Kuntz-Duriseti (2004) as an 
economic interpretation of the precautionary principle. However, their interpretation 
focused on a premium to compensate respondents for the effect of uncertainty rather than a 
difference in WTP for scenarios.  The premium in our research is shown in Figure 3. The 
histogram reports that there were few respondents with relatively small (<£10) or relatively 
large premia (>£30). Although there are two peaks of the distribution, an average respondent 
reported a difference of £20.99 between the two questions which may be interpreted as the 
additional increase in benefits to precautionary restrictions. Therefore, the use of two CV 
scenarios results in support for immediate abatement policies. More generally, this research 
suggests that respondents prefer to resolve irreversibility over resolving uncertainty. 
 
4) Discussion. 
a) Cost-Benefit Analysis. 
The WTP elicited in this research can be used to inform policy on the targeting of restrictions 
either at source (such as requiring the reformulation of microplastics), or at emission (by 
investing in WWTP filtration). The CV WTP was estimated per-household given that the 
payment vehicle, water bills, are paid at the household level. The CVM WTP can then be 
aggregated to estimate the total benefit of upgrading WWTP by using the number of UK 
households in 2019 (27.8 million) and the median WTP of £73.71 (£70.94 - £76.55). This 
method reports total annual WTP in the UK of £2.05 billion (£1.97 bn - £2.12bn). How this 
compares to the cost of upgrading WWTP is unclear for three reasons. Firstly, the cost of 
Figure 3: Histogram of respondent precaution premium.  
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upgrading WWTP is highly plant-specific with some plants already able to retain a high 
proportion of microplastics in wastewater yet others without any tertiary filtration systems. 
Secondly, a variety of options exist to upgrade filtration systems and choosing one specifically 
for microplastics may not be optimised for another pollutant. Finally, retaining more 
microplastics from wastewater means more microplastics in sewage sludge. Sludge is often 
recycled to the terrestrial environment, unless subject to thermal destruction, in which case 
microplastics may still be distributed to the environment. Howevere, indicative costs of 
upgrading WWTP can be estimated by scaling the estimates from Eunomia (2019).. They 
estimated the cost of upgrading WWTP in Europe to tertiary filtration was €1.49 billion (at time 
of writing: £1.37billion). As the spatial scope is larger than the proposal for the UK, the values 
have to be scaled to the UK. However, it is unclear how many WWTP in the UK would require 
upgrades and what technology would be used to upgrade them. Therefore, it is possible that 
it is economically viable to upgrade WWTP to retain more microplastics thus targeting 
restrictions at the emissions stage. However, the viability may be highly sensitive to changes 
in upgrade costs. 
 
Estimating the benefits of source-control are more challenging given that the WTP elicited in 
this research is for a marginal 1% change in product attributes, and it is unclear whether WTP 
can be assumed to be proportional to larger percentage changes. Furthermore, the MWTP is 
also elicited on a per-product basis, and aggregation would require knowledge of the average 
price of individual personal-care products, the average amount of personal care products 
purchased per person annually in the UK and an understanding of the relationship between 
product-performance and microplastic use in individual products. This relationship is not only 
product-specific, as some products such as sun cream are required to maintain their stated 
levels of protection, but also firm-specific as different firms will be differentially able to invest 
in research and development to reformulate their products without microplastics. Our results 
therefore serve primarily to highlight the possibility of deriving benefit estimates using stated 
preference methods; subsequent research is needed to refine these estimates to the specific 
decision context. Overall, it is therefore unclear whether targeting restrictions at source or 
emission is more economically viable. 
 
b) Effect of coronavirus on WTP. 
To understand the effect of undertaking the data collection during the coronavirus (COVID-
19) pandemic, a question was added to the survey which asked respondents whether their 
income was affected by the pandemic (answers: Yes, No, prefer not to say). The data 
collection period could not be changed as there was no certainty as to when the effects of 
the pandemic would abate. Moreover, the temporal stability of preferences is unclear 
(Bateman and Langford, 1997). Although the included question was an imperfect 
measurement, initial results suggest that the pandemic affects WTP through income effects. 
Indeed, nearly half (47.6%) of the sample reported that their income had been affected by 
the pandemic. Furthermore, the pandemic, job-losses and economic worries were all cited as 
reasons for protest votes in the sample. Table 11 reports fitted CE (at the individual level 
using the delta-method from the MXL) and CV WTP (individual level from Probit using 
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Krinsky-Robb bootstrap) by whether respondents reported that their income was affected by 
the pandemic (`Affected' column) and whether their income was above or below the median 
(`Income group' column)3. There is a noticeable income effect whereby `high' income leads to 
higher WTP in the CV WTP regardless of whether they were affected. Moreover, being 
affected led to lower-income and thus, lower WTP. Curiously, the CE WTP changed signs at 
the highest effect and income levels, although it is unclear why this is 
Table 11: COVID-19 effects on WTP across both CE and CV tasks.  
Affected Income group N Performance Emission Q6 Q7 
No Low 175 0.155 0.133 22.99 44.09 
No  High 160 0.070 0.059 24.19 46.20 
Yes Low 160 0.060 0.052 23.97 43.67 
Yes High 179 0.041 0.035 23.95 44.99 
 
c) Limitations 
The limitations of this study relate to the design and scale of the SP survey. For example, our 
limited sample size precluded  our randomising the order for the CVM-CE sections. A related 
limitation is the relatively small split samples, exacerbated by the high truncation rate. The 
truncation rules have strong theoretical justification, so the high exclusion rate suggests that 
the design complexity was high despite the high median level of survey understanding and the 
pre-testing process. Truncation is shown to have a small negative effect on both CE and CV 
WTP and the survey design's validity. Additionally, there was a statistically significant 
difference in WTP across the split-samples which corroborates the finding that multiple CV 
scenarios are not independent draws from the individual distribution of WTP (Kjær et al., 2006; 
Day et al.,2012). WTP from each subsample was recovered and shows that ordering has a small 
negative effect on the magnitude of WTP. A plausible explanation could be that the more 
questions respondents answer, the less willing they were to accept a given CV scenario (Day et 




From a representative sample of 670 UK adults, this study elicited WTP for three different 
measures to control the loss of intentionally added microplastics to the terrestrial and marine 
environments. The CE section of the SP survey asks respondents about their preferences for 
the price, performance, and reduction of microplastics from their personal care products. The 
CE scenario was developed with input from the CTPA and EA and thus has credibility with 
respect to its information content. As such, the sample WTP is £0.036 for a one percentage 
point decrease in the number of microplastics lost per product, and WTA of £0.048 for a one 
 
3 The subsamples are similarly sized and do not sum to 670 as some respondents had exactly median 
income or preferred not to answer. 
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percentage point loss of product performance. Although the two values cannot easily be 
aggregated and scaled, the comparison of the two shows that respondents value product 
performance highly, as expected, although the WTP for reductions in the environmental 
impacts of personal care products is also substantial. Finally, the two CVM questions indicate 
a strong individual preference, expressed as a premium in the WTP valuations, for 
precautionary restrictions on the irreversible release of microplastics to the environment 
instead of delaying regulation to resolve the significant uncertainty around microplastics. 
Future work in this area can address the scientific uncertainty such as the extent of any 
environmental or human health risks, as well as the relationship between microplastic use and 
performance of personal-care products, and the value of restricting microplastics in other 
sectors which emit more microplastics. Future work may use these two CVM tasks to 
empirically estimate Quasi-Option Value (QOV). QOV is the value to delaying a decision to 
facilitate learning and, therefore, can be appended to CBA to incorporate the issues of 
irreversibility and uncertainty (Traeger, 2014). Mensink and Requate (2005) argue that QOV is 
simply the Option Value (OV) for receiving information, thus QOV can be interpreted as the 
expected value of future information. Estimating the value of information can inform CBA as 
to whether to regulate immediately or delay to gather more information. To estimate QOV, 
future work may use two CVM scenarios where both have reductions in micropollutants but 
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